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Estimationof Elasticitiesof Substitution
for CESandYES ProductionFunctionsusing
Firm-levelDatafor Food-processing
Industriesin Pakistan
GEORGEE. BAITESEandSOHAILJ. MALIK*
AnalysesinvolvingCES and VES productionfunctionsindicatethat the
constant-returns-to-scaleCES modelis an adequaterepresentationof large-scale
firms in the wheat-flourmilling,ricehusking,sugarrefiningandedible-oilproces-
singindustriesin Pakistan.The hypothesisthatthesefour food-processingindus-
trieshavethesameelasticitiesof substitutionis not rejected.Thepooledelasticity
estimatefor the food-processingindustriesis significantlydifferentfrom zero,but
not significantlydifferentfromone
1. INTRODUCTION
A recentstudyby BatteseandMalik(1986b)hasshownthattherearecon-
siderablygreaterlabour-capitalsubstitutionpossibilitiesin mostof themajorindus-
triesin Pakistanattheaggregatelevelthanearlierstudieshadshowne.g.Kazietal.
(1976)andKemal(1978).However,thestudyhighlightedtheneedforanalysesat
amoredisaggregatelevel,usingfirm-leveldata.
The elasticityof substitutionparameteris generallyestimatedin available
literatureusinga ConstantElasticityof Substitution(CES)productionfunction.
However,thisisrestrictiveandtheoretically,thereisnojustificationfortheelasticity
of substitutionto bea constant.A numberof functionformsareavailablethat
permitheestimationofaVariableEtasticityofSubstitution(VES).
Thisstudyattemptsoestimatetheelasticityof substitutionusingdisaggregate
firm-leveldatafor bothCESandVES typeproductionfunctions.Carefulstatistical
*The authorsare Senior Lecturer, Departmentof Econometrics,Universityof New
England(Australia),and ResearchEconomist,PakistanInstituteof DevelopmentEconomics,
Islamabad,respectively.This paperis basedon a partof thePh.D.thesisof Dr Maliksubmitted
to the Departmentof Econometrics,Universityof New England,Australia. The authorsare
gratefulto ProfessorsAjit Dasgupta,WilliamGriffithsandClemTisdeUfor valuablecomments
andto Mrs Val BolandandMr M. AfsarKhanfor carefultypinguf themanuscript.Theauthors
arealsogratefulto the anonymousrefereesof thisReview for theirusefulcommentson this
paper.Theauthorsaloneare,however,responsiblefor anyremainingerrors.
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testingisundertakentodeterminetheadequacyof theparticulartypeofproduction
functiontoexplaintheunderlyingdata.
Thedifficultiesassociatedwithestimationof elasticitiesof substitution,using
aggregativedatafor firmswithinspecifiedasset-sizecategories,arediscussedin
BatteseandMalik(1986a& 1986b).In ordertoidentifyandestimatetheelasticity
of substitutionforCESandYES productionfunctions,defmedintermsof firm-level
data,it is necessarythatvaluesof inputsofproductionbethesameforfirmswithin
specifiedcategories.Further,thereis aproblemassociatedwiththe interpretation
of anelasticityof substitutionfor aproducthatis definedin ahighlyaggregative
form. For example,theaggregatetwo-digit-Ievelindustry,Food,consistsof twenty-
eightquitediversecomponents,uchasmeatpreparation,icecream,fishcanning,
vegetableandfruitcarming,bakeryproductsandsaltrefining.Anaggregateestimate
for itselasticityof substitutiondoesnotnecessarilymplythattheelasticitiesforall
of thecomponentindustriesarethesame.Moreover,giventheheterogeneousnature
of theproductsinvolved,it is quitepossiblethattheaggregateelasticityofsubstitu-
tionmeasures,not onlythesubstitutionof labourfor capitalto producea given
homogeneousproduct,butalsothesubstitutionofoneproductforanother.
The abovediscussionsuggeststhe desirabilityof estimatingelasticitiesof
substitutionfor well-defmedproductsusingfirm-leveldata. Thispaperpresents
estimatesof elasticitiesof substitutionbasedupondataobtainedfromasurveyof
large-scalefirmsin thewheatflourmilling,ricehusking,sugarefiningandedibleoil
processingindustriesin Pakistan.Thesefour industriesareresponsiolefor nearly
ninetypercentof thevalueaddedin theaggregatewo-digit-Ievelindustry,Food,
baseduponGovernmentof Pakistan(1983). Theoutputof thefirmsin eachof
theseindustriesis fairlyhomogeneous,althoughricehuskingandedibleoil pro-
cessingproduceawidervarietyof productsandby-productshanflourmillingand
sugarrefining. Ricehuskingproducesa rangeof differentqua)ityricewiththe
outputcomposedofvaryingproportionsof fine,brokenandpowderedriceandbran,
whileedible.oil processingproducescottonseed,rapeseedandmustardandsesamum
oils,cakesandmeal. Flourmillingproducesa fairlystandardqualityof flourand
bran,whilesugarefmingproducesonlywhitesugarandmolasses.
(b) twenty-fivepercentof the firmsin a particularcategoryif their
numberwasmorethanforty.
(a) all firmsin aparticularthree-digit-levelcategoryif theirnumberwas
lessthanforty;or
Thereweresixty-eightfirmsin theflourmilling,ricehusking,sugarefiningand
edibleoil processingindustries.Firmswith thesefourindustriesareestimatedto
compriseaboutsixpercentof thetotalnumberof large-scalefirmscoveredby the
Censusof ManufacturingIndustries.Thepercentagesofsamplefirmswithinthefour
food-processingi dustrieswere25.0,30.9,16.2and27.9forflourmilling,ricehusk-
ing,sugarefmingandedibleoilprocessing,respectively.Forthe1976-77Censusof
manufacturingIndustries,thepercentagesof food-processingfirmswithinthesefour
food-processingindustrieswere39.9,2.2,11.2and46.6,respectively:Government
of Pakistan(1982,p. 1). Whiletheremayhavebeenchangesin therelativepercent-
agesof firmswithinthedifferentfood-processingi dustries,betweenthe1976-77
Censusandthe1980-81Survey,thesignificantdifferencesbetweenthetwosetsof
percentagesarelikely to be dueto thecriteriaby whichthesamplefirmswere
selected.It isalsonotedthatinformationsuppliedtothecensusi voluntaryandthe
numberof firmsreportedthereindoesnotnecessarilyrepresentthetrueproportions
of firmsin thetotalpopulation.For example,it wasreportedthatin the1976-77
Censusonlysixty-fivepercentof thetotalnumberof large-scalefirmsonthecensus
listsactuallycompletedthecensus:GovernmentofPakistan(1982,p.ix).
In the 1980-81Survey,informationwasobtainedon thevalueof output,
valueof input,changesin stocks,employmentcostsandthenumberof persons
employed.Of thesixty-eightfirmswithinthefourfood-processingi dustries,two
firmsreportedatashowingthatvalueaddedwasnegativeandfourfirmsreported
employmentcoststhatweregreaterthanvalueadded.Sincethissituationcould
ariseonlyin theveryshort-runor haveresultedfromreporting,orrecordingerrors,
thesesixfirmsareomittedfromouranalyses.Dataonthebookvalueofdifferent
typesof capitalequipmentwereobtainedfor onlyforty-twoof thesefirmsbecause
theremainingfirmsdidnotcompletethequestionsoncapitalassetsin thesurvey.
SummarystatisticsforselectedvariablesarepresentedinTable1.1
For theseventeenfumsin ricehusking,thesamplemeanwagerate,Rs5,410
andthesamplemeanvalueadded,Rs 836,000,arethe lowestamongthefour
industriesconsidered.For theelevensamplefirmsinsugarefiningthesamplemean
of valueadded,Rs.80,600,000,is thehighest.Theoverallsamplemeanof thewage
rateis Rs 11,280,thehighestbeingin edibleoil processing,Rs 17,230.Thesample
meanof employmentis highestin sugarrefminganditscoefficientof variationis
significantlylowerthanthosefor theotherthreeindustries.Thecoefficientsof
variationforthewagerateandthenumberof personsemployedaremuchlowerin
sugarefmingandflourmillingthanforricehuskingandedibleoil processing.
2. DATA ONFOOD-PROCESSINGFIRMS
During1980-81,asurveywasconductedof large-scalefumswithinmanufac-
turingindustriesin Pakistan.Fromthelist of large-scalefirmsavailablefor the
Censusof ManufacturingIndustries,firmswereselectedin thissurveyaccordingto
thefollowingcriteria:
1Thefirm-level data on the variablescannot be presentedfor reasonsof confidentiality.
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3. ANALYSESINVOLVINGCESPRODUCTIONFUNCTIONS
Wefirstassumethatfor theobservationson individualfirmsthestochastic
constant-returns-to-scaleCESproductionfunction[cf.Arrow,etal.(1961)],
'Y f oKI-P+(1-15)LI-Pj-IIP eUI,
applies,whereY.,KI andL. representvalueadded,book.valueofcapitalequipmentI I
andtotalnumberof personsemployedfor theith samplefirm;'Y,0 andP arethe
efficiency,distributionandsubstitutionparameters;andthe randomerrors,U1,
U2,. . ., Un,areassumedtobeindependentlyandidenticallydistributedasnormal
randomvariableswithmeanszeroandvariances,a~,andn representsthenumberof
samplefirmsinvolved.2
Giventhe assumptionof perfectcompetitionin the factorand product
markets,the elasticityof substitutionfor the CES productionfunction(1),
a=(1+p)-1 ,canbeestimatedfromtheindirectform:
YI (1)
= i =1,2, . . ., n,
log(Y./L.) = (30+(31logWI +U.,I I I i=I,2,...,n, (2)
wherewI denotesthewagefor labourersin theith firm;and(31=(1+p)-I.The
least-squaresestimatorfor (31in theindirectform(2) is theminimum-variance,un.
biasedestimatorfortheelasticityofsubstitution.
Theindirectform(2)of theCESproductionfunctionis specifiedforeachof
the four differentfood-processingindustriesbeingconsidered.Thenumbersof
samplefirmsinvolvedin eachindustry,thecoefficientsof determination(R2)for
theregressionanalysesinvolvedandtheestimatedelasticitiesofsubstitutiona,repre-
sentedin Table2. Thecoefficientsof determinationfor flourmillingandsugar
refiningareverylowandtheestimatedelasticitiesarenotsignificantlydifferentfrom
zero. However,for ricehuskingandoilprocessing,thecoefficientsofdetermination
aremoderatelyargeandtheestimatedelasticitiesaresignificantlydifferentfrom
zero. Further,theestimatedelasticitiesfor all fourfood-processingi dustriesare
notsignificantlydifferentfromone. ThisimpliesthattheCobb-Douglasproduction
functionislikelytobeareasonablemodelforthesefood-processingdustries.
2For the sakeof simplicitywe assumethat thereare only two factorsof production,
homogeneous,capitaland labour. Wepostponetheanalysisof intermediateinputsin thepro-
ductionstructureto a laterstudy. Moreover,whileacceptingthesimultaneityproblemassocia-
ted with usingendogenousvariableson the right-handside in the estimatingforms of the
equationsused,simultaneousequationsestimationwasnot undertakenbecauseof reasonsof
simplicityandnon-availabilityof relevantdata.
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Table2
EstimatedElasticitiesof Substitutionfor Food-processingIndustries,underthe
Assumptionsof theConstant-Returns-to-ScaleCESProductionFunction
Supposethatthestochasticvariable-returns-to-scaleCESproductionfunction
[cf.BrownanddeCani(1962)],
Industry
FlourMilling
NumberofFirms R2 Elasticity
Y =
i
r{8Kj-P +(1-8) Lj-Pj vip eUj
i =1,2,. . .,n, (3)
15 0.112 1.57
(1.23)
applies,where,in additionto theparametersandassumptionsdefinedfor theCES
model,v is thehomogeneityparameter.A possibleindirectformfor theCES
productionfunction(3),basedupontheassumptionof perfectcompetitioni the
factorandproductmarketsi givenby.RiceHusking 17 0.682 0.97**
(0.17)
SugarRefining 11
log(Y./L.) ={3o +{31logw. +{32logL. +U.,I I I I I i =1,2,. . .,n, ... (4)
0.003 0.10
(0.66) where {31=v(v+pr1 and {32=(v-I) (1-f3d [cf.Behrman(1982,p. 161)].Forthis
productionfunction,theelasticityof substitution,a =(1+p)-1 , is notidentically
equalto thecoefficientof thelogarithmofwages.However,theelasticityofsubsti-
tution andthe parametersof the indirectform(4) arefunctionallyrelatedby
{31=(1+{32)a.Thus, if {32=1=-1 andtheobservationsonthemodel(4) satisfybasic
regularityconditions,thenaconsistentestimatorfortheelasticityofsubstitutionis
definedby
Oil Processing 19 0.351 0.70**
(0.23)
Food Processing 62 0.599 0.82**
(0-16)
Notes: Figuresin parenthesisdenotesestimatedstandarderrors.
**denotesignificantat theone-percentlevel. a={31(1+132)-1, (5)
Althoughtheestimatedelasticitiesfor thefourindustriesaredifferent,it isof
interesto considerif theCESproductionfunctionshavethesameelasticitiesof
substitution.Weconsiderthehypothesisthatthefourindustrieshaveindirectforms
(2)withthesamecoefficientof thelogarithmof wages(Le.thesame lasticity)but
permitthefunctionsto havedifferentintercept(orefficiency)parameters.If this
hypothesis true,thentherelevantteststatistichasF-distributionwithdegreesof
freedom3and54,respectively.Forthegivensampledata,theteststatistichasvalue
0.70,whichis notstatisticallysignificant.Thusthehypothesisthatthefourfood-
processingindustrieshavethesame lasticitiesisnotrejected.3Theestimatedelasti-
cityof substitution,undertheassumptionthatthefourfood-processingi dustries
havethesame lasticities,i 0.82,whichisnotsignificantlydifferentfromone.The
coefficientof determinationfor theassociatedindirectformfor thefourindustries
isequalto0.599.
where{31and132aretheleast-squarestimatorsfor theparameters,{31and{32'in
theindirectformof thevariable-returns-to-scaleCESproductionfunction(4). This
estimatordoesnot havea finite mean(or variance)becausethe least-squares
estimators,~1and~, arenormallydistributed,undertheassumptionsof themodel
(3). However,theestimator(5) is suchthattherandomvariable,n-% (0-- a),
convergesin distribution,asn approachesinfinity,toanormalrandomvariablewith
meanzeroanda finitevariance.ByusingaTaylor-seriesxpansionof theestimator
(5),a consistentestimatorcanbeobtainedfor itsasymptoticvariance,in termsof
the variancesand covariance for ~1and ~ .
The estimatedelasticitiesof substitutionfor the four food-processing
industries,.underthe assumptionsof thevariable-returns-to-scaleCESproduction
function(4),arepresentedin Table3,togetherwiththevaluesof thecoefficientof
determinationa destimatesfor thehomogeneityparameter(discussedbelow).The
elasticityestimatesaredifferentfromthosepresentedin Table2 for theconstant-
returns-to-scaleCESproductionfunction.Exceptfor ricehusking,alltheestimates
arenot significantlydifferentfromzero. However,therelativelylargestandard
errorsimplythatalltheelasticityestimatesarenotsignificantlydifferentfromone.
3Thehypothesisthatthefour food-processingindustrieshaveidenticalindirectforms(2)
is alsoacceptedat thefive-percentlevelof significance,becausetheassociatedF-statistic,with
parameters6 and54,respectively,is equalto 1.97. The estimatedelasticityunderthisassump-
tion is 1.11.with anestimatedstandarderrorof 0.14,andsois significantlydifferentfromzero,
butnot significantlydifferentfromone.
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where~1and~2areasdefmedfor (5). Althoughthisestimatordoesnothavea
fmitemeanor variance,a consistentestimatorfor its asymptoticvariancecanbe
obtainedbystandardmethods.
Valuesof theconsistentestimator(6) for thehomogeneityparameterare
presentedin Table3. Thevaluesobtainedforflourmilling,ricehuskingandedible-
oil processingareunreasonable.However,estimatesof theasymptoticvariancesare
sufficientlylargethatthehypothesisofconstantreturnstoscaleisnotrejected.The
resultsreportedin Table3 suggestthata morepreciseanalysisof thedegreeof
homogeneityof theCESproductionfunction(3) mayrequireadditionaldataor
alternativeestimatorsforthehomogeneityparameterthanthatdefinedby(6).
If thecoefficientof thelogarithmof labour(32iszerofortheindirectform(4)
for thevariable-returns-to-scaleCES productionfunction,thenthet-ratiofor the
estimatorfor thatparameterhastn-a distribution,wheren isthenumberofsample
firmsin thegivenindustry.Thevaluesof thet-ratiosforflourmilling,ricehusking,
sugarrefmingandedibleoil processingaret12=- 1.60,t14 =0.91,t8 =0.02and
t16=-D.89,respectively,whicharenotsignificantatthefive-percentlevel.Thusthe
hypothesisof constantreturnsto scaleisnot rejected,giventheassumptionsof the
variable-returns-to-scaleCESproductionfunction(3)- (4).
The estimatedelasticitiesfor thefourfood-processingindustries,underthe
assumptionof thevariable-returns-to-scaleCESproduction.function,arenotsigni-
ficantlydifferent.If thehypothesisthatthefourindustrieshavethesamelasticities
istrue,thenthetraditionalteststatisticinvolvedhasF-distributionwithdegreesof
freedom6 and50. Thevalueof thisteststatisticfor thegivensampledatais 1.07,
~ch is notsignificantat theten-percentlevel.Theestimatedelasticity,underthe
. assumptionthatthe four food-processingindustrieshavethesameelasticities,is
1.09,asreportedatthebottomof Table3. Thiselasticityis significantlydifferent
fromzeroattheone-percentlevel,butisnotsignificantlydifferentfromone.
Estimatesfor theElasticitiesof SubstitutionandtheHomogeneityParameter
for Food-processingIndustries,undertheAssumptionsof the
Variable-Returns-to-ScaleCESProductionFunction
Number
of Firms
Table3
Industry
FlourMilling
R2
15 0.267
RiceHusking 17 0.700
SugarRefining 11 0.003
Oil Processing 19 0.382
Food Processing 62 0.609
log(Y./L.) ={3o +/31logw. +/33log(K./L.) +U.,I I I I I I i=1,2,..:,n, ... (8)Notes: Figuresin parenthesisdenotesestimatedstandarderrors.
**denotessignificantat theone-percentlevel.
4. ANALYSES INVOLVING YES PRODUCTION FUNCTIONS
In thissectionweconsidertheestimationof theelasticityof substitution
underthe assumptionthat a variable-elasticity-of-substitution(VES) production
functionapplies.Weinitiallyconsiderthatthestochasticconstant-returns-to-scale
YES productionfunction[cf.LuandFletcher(1968)],
Yj = r(8K;"P +(1-D)71Lj--P(K/L)-C(1+p)l-l/PeUj,
i =1,2, . . .,n, (7)
applies,wherethevariablesYj' Kj andLj andtherandomerrorsUj' U2,. . ., Un,
areasdefinedfortheconstant-returns-to-scaleCESproductionfunction(1).
TheindirectformofthisYES productionfunctionisdefmedby
(6)
where {31=(1+p)-1; and{33=C.
It is evidenthatif thecoefficientof thelogarithmof thecapital-labourratio
{33is zero,thenthemodelreducesto theindirectformof theconstant-returns-to-
scaleCESproductionfunction(2). Giventheassumptionof theYES production
function(7),it followsthatatestofthehypothesisthattheproductionfunctionhas
constantelasticityof substitutionis obtainedby a t-teston the least-squares
estimatorforthecoefficientof thelogarithmof thecapital-labourratio.
The homogeneityparameter,v, is expressedin termsof theparameters/31and
(32of theindirectform (4) of thevariable-returns-to-scaleCES productionfunction
by v =I + {32(1_/3.)--1, provided /31-=1=1. Fromthisit followsthataconsistent
estimatorforthehomogeneityparameterisdefinedby
v= 1 +~(I_~.)-1
Homogeneity
Elasticity Parameter
3.03 -1.51
(6.45) (9.93)
0.82** 3.04
(0.21) (5.36)
0.10 1.01
(0.74) (0.77)
1.42 3.92
(1.12) (14.64)
1.09** --1.25
(0.33) (7.99)
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Giventheassumptionsof perfectcompetition,theelasticityof substitution
for theconstant-returns-to-scaleYES productionfunction(7) is expressedin terms
of theparametersoftheindirectform(8)by
a =(31(1-€(33)-1 (9)
where€=(wL+rK)JrKis theratioof totalfactorcoststo therentalcostof capital
forthefIrminvolved[cf.LuandFletcher(1968,p.450)].
A consistentestimatorfortheelasticityisdefinedby
a = ~I(1-€ ~3)-1 (10)
. .
where(31and(33denotetheleast-squarestimatorsfor (31and(33in theindirect
form(8) andthevalueof € is takento betheratioof thesamplemeanof value
addedto thesamplemeanof valueaddedminusemploymentcostfor thefIrmsin
theindustryconcerned.Theasymptoticvarianceof thisestimatorfortheelasticity
isestimatedbystandardmethods.
Theelasticityestimatesfor thefourfood-processingi dustriesarepresented
in Table4, togetherwiththenumberof fIrmsinvolved,valuesof thecoefftcientof
Table4
EstimatedElasticitiesof Substitutionfor Food-processingIndustries,underthe
Assumptionsof theConstant-Returns-to-ScaleYES ProductionFunction
Industry
FlourMilling
Numberof Firms R2 Elasticity €-values
0.616 3.70
(12.60)
1.198
RiceHusking 0.989 0.99**
(0.07)
1.345
SugarRefining 0281 0.70
(0.67)
1.1911
Oil Processing 0.181 0.62
(0.42)
0.79**
(0.22)
1.18
18 1.17
Food Processing 42 0.611
Notes: Figuresin parenthesisdenotesestimatedstandarderrors.
*'"denotesignificantat theone-percentlevel
1
1
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determination(R2) for the least-squaresfIt of the indirectform(8), andthe
respective€-values.Theelasticityofsubstitutionforthefourindustriescombinedis
alsoestimated.If thehypothesisthatthefourfood-processingi dustrieshavethe
sameslopeparameters((31and(33)for theirindirectforms(8) is true,thenthe
appropriateststatistichasF-distributionwithdegreesof freedom6 and30,respec-
tively. For thedataavailable,thisteststatistichasvalue0.32,whichis notsignif-
icant,at theten-percentlevel.It is noted,however,thatevenif thehypothesisthat
theindirectforms(8)for thefourindustrieshavethesameslopeparametersistrue,
theelasticitiesforthefourindustriesarelikelytobedifferentundertheassumption
of the YES productionfunction. Differencesareexpectedto arisebecauseof
differentlevelsof capitalandlabourin thedifferentindustries(Le.thevalueof €in
(9)generallyvariesfromindustrytoindustry).
Theestimatedelasticityfor ricehuskingis signifIcantlydifferentfromzeroat
the one-percentlevel. The estimatedelasticitiesfor theotherindustriesarenot
signifIcantlydifferentfromzero. Thelargeestimatedelasticityfor flourmilling,
3.70,isdueto thevalueof €(33beingclosetoone,makingthedenominatorin (10)
smallrelativeto (31'Theelasticityestimatesreportedforricehuskingandedibleoil
processingin Table4 arenot signifIcantlydifferentfromthosereportedfor these
industriesin Table2. Thecoefficientsof determination(R2) reportedin Table4
aregenerallyhigherthanthosereportedfor therespectivecategoriesin Tables2
and3.
If thehypothesisthatthecoefftcientof thelogarithmof thecapital-labour
ratio (33is zero,is truefor eachindustry,thenthet-ratioassociatedwith the
estimatorfor theparameterhast-distributionwithdegreesof freedomn-3, wheren
is thenumberof samplefIrmsin thegivenindustry.Thevaluesof thet-ratiofor
flour milling,ricehusking,sugarefIningandedibleoil processingaret5 =1.78,
t2 =-0.12, t8 =0.94andtl5 =0.97,respectively,whicharenotsignifIcantatthe
fIve-percentlevel.Thusthehypothesisofconstantelasticityofsubstitutionisnot
rejected,giventhattheconstant-returns-to-scaleYES productionfunction(7)- (8)
applies. .
We now considerthe stochasticvariable-returns-to-scaleYES production
function,derivedbyYeungandTsang(1972)
Y. ='Y
1
6K
I-p+(1~)llL:-p(K./L.rC(1+p) J -vJpeUI, i=I,2,...,n, (11)I I I I
where,in additionto theparametersandassumptionsdefmedfor theconstant-
returns-to-scaleYES productionfunction(7),v is thehomogeneityparameter.The
associatedindirectformof thisCESproductionfunctionisdefinedby
log(Y'/LI) =(30 +(31logWI +(32logL. +(33log(K./L.) +U.,I I I I I (12)
WhP.TP.R.=v(v+o)-I: B~=(v-I) (I-B.); andB?=c.
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Thisindirectformis appliedtoeachofthefourfood-processingdustriesand
a testobtainedfor thehypothesisthatthefourindustrieshavethesameslopepara-
meters.Giventhatthe randomerrorsin theindirectforms(12)havethesame
variancesfor all industries,the appropriateteststatistichasF-distributionwith'
degreesof freedom9 and26. Thevalueof thisstatisticfor thegivendatais0.25,
whichis not significantat the ten-percentlevel. Thus,thehypothesis,thatthe
indirectformsof thevariable-returns-to-scaleVES productionfunction(12)forthe
fourfood-processingi dustrieshavethesameslopeparameters,i notrejected.As
statedfortheconstant-returns-to-scaleVESproductionfunction,thisdoesnotneces-
sarilyimplythatthefourindustrieshavethesamelasticities.
It is evidenthatthevariable-returns-to-scaleVES productionfunction(11)is
equivalentto theconstant-returns-to-scaleCESproductionfunction(1) if thepara-
meters,{32and{33,in theindirectform(12),arebothzero.Undertheassumptions
of theVES productionfunction(11),it followsthatif thesetwoparametersare
zero,thentheappropriateststatistichasF-distributionwithdegreesof freedom2
andn-4, wheren isthenumberofsamplefirmsin theindustryinvolved.Thevalues
of thisF-statisticare4.33,2.36,0.s5and0.46for thefourrespectivefood-proces-
singindustries.Thesevaluesarenotsignificantatthefive-percentlevelandsothe
hypothesisthatthe constant-returns-to-scaleCES productionfunction(1) - (2)
is adequate,is not rejected,giventhattheassumptionsof theva.riable-returns-to-
scaleVES productionfunction(11) - (12)apply. Thus,wedo notproceedto
obtainestimatesfor theelasticitiesof substitutionfor thevariable-returns-to-scale
VESproductionfunction.
Theforegoinganalyses,baseduponfirm-leveldata,suggestthattheconstant-
retums-to-scaleCESproductionfunction(1) - (2) is anadequaterepresentationf
thedata,giventheassumptionsof themodelsconsidered.Giventheavailabledata
andtheassumptionsof thisproductionfunction,thehypothesisthatthefourfood-
processingindustrieshavethesame lasticitiesi notrejected.Thus,thesedatamay
beaggregatedto efficientlyestimatetheelasticityfor thetwo-digit-levelindustry,
FoodProcessing.Theestimatedelasticityis significantlydifferentfromzeroatthe
one-percentlevel,but not significantlydifferentfromone. In fact,noneof the
elasticityestimatesobtainedaresignificantlydifferentfromone. Theseanalyses
suggeststronglythat the Cobb-Douglasproductionfunctionis an adequate
representationf the fum-leveldata. Giventhe problemsof estimationwith
inadequatecapitaldata,theindirectform(2) of theCESproductionfunction(1)
providesaconvenientframeworkfor estimatingtheelasticityofsubstitution.How-
ever,theusefulnessof theresultsobtainedis limitedby theextento whichthe
assumptionsunderlyingtheanalysesarelikelytobetrue.
